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© Non-toxic aryi onium salts, UV curabie coating compositions and food packaging use. 

© A method is provided for coating a substrate with a non-toxic irradiation curable epoxy resin composition. 
There is used an alkoxy- substituted aryl onium salt, in combination with a non-toxic oxirane-conta.nmg organic or 
silicone resin. 
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NON-TOXIC ARYL ONIUM SALTS, UV CURABLE COATING COMPOSITIONS AND FOOD PACKAGING USE 

Cross Reference to Related Application 

Reference is made to copending application 60SI1212, for Eckberg, "UV Curable Epoxy Functional 
5 Silicones", incorporated herein by reference and assigned to the same assignee as the present invention. 

Background of the Invention 

W The present invention relates to certain non-toxic alkoxy substituted aryl onium salts, such as 
diarylicdonium salts, and their use in making UV curable non-toxic coating compositions. More p^ticulany, 
the present invention relates to a method of treating various metal and plastic substrates wrth non-tox.c UV 
curable oxirane containing materials to render them suitable for food packaging „ onoraIlt > 
Prior to the present invention, metallic and plastic substrates used in food packagmg were generally 
coated with non-toxic curable compositions, such as heat curable epoxy-phenolics Organ* so vent 
solutions of various organic resins also have provided an alternative non-tox,c surface in food applications. 
However, presently available procedures are economically unattractive because of the h,gh >n^«^W 
required, or environmentally unsatisfactory due to the presence of organic solvents. The rood ind ustry » 
constantly seeking alternative methods for packaging food. The preferred procedures would be less energy 

jptoocjve and faster under continuous conditions. 

UV curable resins, such as solventless epoxy resins, have many desirable characteristics. For exampto. 
such resins are fast curing, environmentally safe, and require little energy to effect cure. As taugh . by 
British patent 1,516.351 or 1,516,352. or U.S. Patent 4,058,401, Crivello. incorporated here.n by reference. 
diary.icSonium salts and triarylsulfonium salts are very effective photoinitiators for f*?*^"™*™: 
the use of triarylsulfonium and diaryliodonium salts as photoinitiators has been l.m.ted, because those 
materials for example, diphenyliodonium hexafluororoantimonate are extremely or very toxic materials 

Afused hereinafter. L term "toxicity" or "very toxic", or "extremely toxic" will be used in accordance 
with the definitions shown in Clinical Toxicology of Commercial Products, fifth edition (1984) < of Robert E 
Gosseiin et al., Williams & Wilkins, Baltimore, on page 2, Section 1. An oral dose of 5-50 mg kg (weight of 
animal tested) would be lethal to 50% of the test subjects and would be classified as extremely toxic, while 
a 50-500 mg/kg dosage would be classified as very toxic. Although Gosseiin et al. refers to human usage^ 
comparable studies with laboratory animals have shown that diphenyliodonium hexafl ^ 
its an Acute Oral Toxicity (LDso) (TSCA 7/79) of 25 mg/kg. The comparable 4-methoxy substituted analog 
35 exhibits a 296-385 mg/kg rating over a three day period. 

For handling purposes in industry, a rating of 5000 mgftg or 5g/kg or greater would be considered 
"non-toxic". For example, table salt has a rating of 3750 mg/kg. 

In addition to toxicity, the aforementioned hexafluorometalloid diaryliodonium salts also have been found 
to be substantially incompatible with solventless epoxy resins particularly oxirane conta.n.ng organosilox- 

40 ane The present invention is based on our discovery that certain alkoxy substituted aryl onium salts have 
been found to be non-toxic, particularly diaryliodonium hexafluorometalloid salts, having at least one nuclear 
bound-OR group attached by a carbon-oxygen linkage to an aryl nucleus of the «^™ um J**' 
SuorometaSoid salt, where R is an alky, radical having a value of at least 8. It has been further found tha 
when the diaryliodonium hexafluorometalloid salt is substituted with an -OR group, where R has a value o 
10-20 the resulting salt is a readily, synthesizable crystalline material having a melting point in the range of 
50 to 100* C, while salts having -OR groups where R is C 8 or less are more difficult to purify. s,nce they are 
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Statement of the Invention 



There is provided by the present invention a method of coating a substrate suitable as a food liner, or 
useful in food packaging to produce a tack-free coated surface on the substrate treated which comprises: 
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(1) treating the surface of the substrate, such as a metal or plastic, in a continuous manner with a 
soiventiess substantially non-toxic composition comprising. 

(A) a non-toxic oxirane containing organic resin or silicone monomer or resin and 

(B) an effective amount of a non-toxic aryl onium hexafiuorometalloid salt 

5 ft thereafter irradiating the treated substrate surface of (1) with ultravio.et light or vs.ble i.ght imtd the 
treated substrate surface. is rendered tack-free, _ a . 

where the non-toxic ary.onium salt is selected from the class consisting of phosphates arsena tes and 
antimonates, and at least one of the aryl radicals of the arylonium salts .s substituted wrth a nucle*, ^ bound 
OR-group attached to the aryl nucleus by a carbon-oxygen linkage. R is an alkyl rad.cal hav,ng a value of at 

m least 8 carbon atoms, and preferably from 10-20 carbon atoms. 

Some of the diaryliodonium salts which can be used in the practice of the present ,nvent,on are for 

example, 
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Some of the triaryliodoniurn salts which can be used are, for exampie, 
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The above triarylonium salts which can be used in the practice of the invention can be made by the 
method shown by Crivello et al. in U.S. Patent 4,238,619. For example, a diarylsulfide such as diphenylsui- 
fide can be arylated with a diaryliodonium salt in the presence of a catalytic amount of a copper compound 
such as copper benzoate. The diarylsulfide can be made by effecting reaction between an appropriate 
alkylhaloaryl ether with a thiophenol using the Ullman reaction. _ 

In addition to the aryl onium salts cited above, the instant invention is also intended to include other 
non-toxic aryl onium salts such as; triaryisulfoxonium sails, diaryiiodosonium salts, aryl-substitute- 
phosphonium salts, aryl-substituted ammonium or heterocyclic nitrogen salts, and ferrocen.um salts substi- 
tuted with at least one -OR group as previously defined. . 

Among the non-toxic oxirane containing resins which can be used to make the non-toxic coating 
comoositions of the present invention are, for example, aliphatically unsaturated oils and materials which 
can be epoxidized using the peracid process as shown by Wahlroos. U.S. patent 2,813,878. Additional 
details about the non-toxic oxirane containing resins can be found in the Handbook of Epoxy Resjns by 
Neville pp. 3-9 to 3-24. 1967, McGraw-Hill, Inc. There can be used, for example, epoxidized soybean o>\ 
epoxidized linseed oil, epoxidized rapeseed oil, epoxidized tall oil. epoxidized sunflower oil epoxidized 
polybutadiene, bisphenol A-diglycidyl ether resins. 3,4-epoxycyclohexylmethyl-3 ,4 -epoxycyclohexane car- 
boxylate. epoxy novolak resins, copolymers of glycidyl acrylate and methacrylate with styrene, methy 
methacrylate, vinyl acetate and other vinyl monomers, epoxidized linoleic acid dimer. and epoxyfunctional 
polydimethylsiloxanes. . 

The UV curable or coating compositions of the present invention can be made by merely combin.ng the 
aryionium salt with the oxirane containing resin. An effective amount of the arylonium salt is from about 
0 01°'= to 20% by weight based on the weight of the coating composition, and preferably 0.1 A. to 10 A by 
weight. Substrates which can be coated in accordance with the practice of the present invention are or 
examole. plastic substrates such as: polystyrene, polyethylene, polypropylene, polyvinyl chlor.de poly- 
vinylidine chloride, polycarbonate polyphenylene oxide, polysulfone. polyethylene terephthalate, cellulose 
acetate, polyvinyl alcohol, metal substrates such as: aluminum, iron, steel, copper, brass, gold. P'^™™; 
nickel and chromium. In. addition, glass and paper substrates also can be used. Application of the UV 
curable coating composition onto a substrate can be achieved by:' roll coating, curtain coating, screen 
crinting, gravure coating, dip coating and knife coating and off-set printing. 

' Irradiation of substrates treated in accordance with the practice of the invention can be achieved by the 
u=e of UV lamps' such as: mercury arc lamps (high, medium and low pressure, Xenon arc lamps, high 
intensity halogen-tungsten arc lamps, microwave driven arc lamps, and lasers. Add.tional means of 
irradiation which can be used are, for example, ionizing irradiation using "Co which can simultaneously 
sterilize and cure the non-toxic irradiation curable coating composition. In this manner, edible substrates 
such as fruit can be simultaneously cured and sterilized. 
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In order that those skilled in the art will be better able to practice the present invention, the following 
examples are giver, by way of illustration and not by way of limitation. All parts are by weight. 

5 Example 1 

A mixture of 224 grams (3 mols) of phenol in the form of a 88% aqueous solution, 193 grams (1 mol) of 
1-bromooctane, 30 grams of tetra-n-butylammonium bromide, 224 grams (3 mols) of potassium hydrox.de 
pellets 500 ml of water and 500 ml of toluene was stirred under a nitrogen atmosphere while .t was 
w reflex4ng for a period of 16 hours. The reaction mixture was allowed to cool and the organ.c phase was 
washed with 500 ml, 0.5N sodium hydroxide to remove excess phenol. The toluene layer was washed with 
two 500 ml portions of water and the toluene was removed using a rotary evaporator. A quantitative yield of 
98% pure octylphenyl ether was obtained based on gas chromotogrpahy and method of preparation. 

there was added dropwise with stirring. 520 grams {2.4 mols) of 35% peracetic acid to 208 >g rams (1 
mol) 98% pure iodobenzene. The temperature of the mixture was maintained between 40 and 45 C during 
the addition using a water bath. After addition was complete, the temperature of the mixture was maintained 
at 40 "C for one hour. A yellow solution was obtained upon completion of the addition. After about 20 
minutes, a precipitate of iodosobenzene diacetate begin to form and the solution became quite thick. 
Maintaining the reaction mixture at 40 * C. there was gradually added 290 grams (1.57 mol) of p-toluene 
sulfonic acid As the reaction proceeded, the solution became perceptably more fluid and then once aga.n 
thixotropic. The product, phenyliodoso tosylate precipitated. The reaction temperature was ma.nta.ned at 
40' C for two hours after addition had been completed. The product was isolated by suction filtration. It was 
obtained- in an 84^97% yield. 

There was added 5 ml of acetonitrile followed by 1.5 ml of glacial acetic acid as a catalyst to a mixture 
of 24 5 grams (0 0625 mol, 20% excess) of phenoiodoso tosylate and 01.3 grams (0.5 mol) of octyl phenyl 
ether Upon addition of the acid with stirring, a deep green color was formed. The reaction mixture was 
heated and stirred at 40 *C for two hours. During this period, the initial heterogeneous solution became 
homogeneous with the formation of a yellow-orange solution. The solution was r™'?* ^^V^ 
added I 150 ml of water. The product crystallized from the oil and was isolated by suction filtration^ It was 
washed thoroughly with water followed by a small amount of n-heptane. After air dry.ng the yield of_ the 
product was 25.5 grams (95%) with a melting point of 115-118 C. After recrystaliization from a toluene/n- 
heptane mixture, melting point of the product was raised to 119-121 C. Based on method of preparation, 
the product was (4-octyloxyphenyl) phenyliodonium tosylate. 

There was added 1600 ml of acetone with stirring, to a mixture of 747.6 grams (1.28 mol) the- above 
tosylate salt and 333.6 grams (1.28 mol) sodium hexafluoroantimonate. The mixture was stirred for one hour 
at room temperature. The sodium tosylate was filtered off and the volume of the acetone solution reduced 
on a rotary evaporator to approximately one third. The acetone solution was then po ured into dist Ule d water 
The aqueous layer was decanted from the oil which formed. The oil was then washed with 3x1 00ml portions 
of water On cooling and stirring, the oil crystallized. The product was purified by dissolving in a jmnimum 
40 amount of methanol and triturating with a large quantity of water. A crystalline product was obtained by 
filtering and washing the isolated product with water followed by drying at 40 C in a vacuum oven. There 
was obtained an 82-94% yield of (4-oCtyloxyphenyl)phenyliodonium hexafluoroantimonate having a melting 

POin ln f acute oral' toxicity study in accordance with EPA GLP Regulations, 40.CFR, Part 792, 1973 showed 
45 that (4-octyloxyphenyl)phenyliodonium hexafluoroantimonate was non-toxic. It did not produce a toxic oral 
effect in rats over a 14 day observation period when initially administered at a dosage ot 5g/kg. 

The same procedure was repeated except that in place of the octyl phenyl ether, anisole was used as a 
reactant Based on method of preparation there was obtained (4-methoxypheny!)phenyl.odon.um hex- 
afluoroantimonate. An acute oral toxicity (LD 50 ) study with rats, in accordance with (TSCA 7/79) showed that 
so the (4-methoxypheny!)phenyliodonium hexafluoroantimonate was very toxic. 

A single oral dosage at levels of 135 to 355 mg/kg was found to be lethal over a period of 1-5 days. 
A non-toxic UV curable mixture was prepared by stirring 98 parts of epoxidized linseed o. Drapex® 
of the Witco Co.. Brooklyn, New York having a LD S0 rating of 32 gm/Kg and 2 parts of (4-octyloxyphenyl - 
phenyliodonium hexafluoroantomonate. Various 4" x 4" x .1" substrates, such as aluminum, glass steeK 
55 LEXAN polycarbonate and polyethylene terephthalate were knife coated with the non-toxic UV curable 
mixture. The treated samples were then cured by passing them through a model QC 1202 UV processor 
obtained from the RPC Equipment company at a speed of 250 ft/minute. The apparatus was equipped with 
two 12 inch medium pressure 300W mercury arc lamps mounted perpendicular to the direction of travel of 
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the conveyer. Lamps were operated at 380 volts and 6.8 t 0.8 amps. The substrates were found to be tack- 
free with hard, transparent ad-want films with good gloss and suitable for packaging roods. 

s Example 2 

The procedure of Example 1 was repeated to prepare (4-decyloxyphenyl)phenyiiodonium hexafluoroan- 
timonate 1-bromodecane was used and the yield of decyl phenyl ether was 98.9%. In accordance w, t , 
Exarno e 1 196 grams (0.5 mol) of phenyliodoso tosylate. 117 grams (0.5 mol) of the decyl phenyl ether. 50 
S oT ace ic acid and 200 ml of dichloromethane were stirred at 40* C for 2 hours. The reason m.xture was 
Sere and a so.ution triturated with ether. The crystallized product was isolated by suct,on «Mkx and 
washed with ether and then dried under vacuum. There was obtained, 205.3 grams (67.5% yield of (4 
decyloxypheny!)phenyjiodonium tosylate. , n -vz mn n nf 

There were combined 205.3 grams (0.33 mol) of the above tosy.ate salt with 90 grams (035 1 mol) of 
sodium hexafluoroantimonate and 1000ml of hot acetone. P ™V™?°" h *Z°^ 
immediately and the mixture was stirred for 1 hour. The solution was filtered and ^MMM**^ wrth 
water The product (4-decyloxyphenyl)phenyliodonium hexafluoroantimonate crystall.zed directly and was 
Sed and I wasted with water. Further purification was accomp.ished by recrystal.izat.on from 
methanol/water. An 82% yield of pure product was obtained with a pelting point of 74-76 C. 

An acute oral toxicity study was undertaken in accordance with EPA GLP regulations. 40 CFR, part 792, 
1983 .t wi found that rats tested at an oral dosage level of 5 grams/per kilogram did not produce a toxic 
effect. AM test animals survived the 14 day test period. No animals showed any ciin-ca. signs of tox.aty and 
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qained weight during the coarse of the study. nn . /hi ltar[i ^ n ^ 

A non-toxic UV curable mixture was prepared by combining 98 parts of epoxidized P^butad^ne 
epoxy resins with 2 parts of the above (^ecytoxypH^^ 

tox'C UV curable mixture was found to produce a tack-free substrate on plastic, steel, glass and alburn 
as shown in Example 1. Non-toxic tack-free films were obtained which were hard, transparent with good 
gloss. 



Example 3 
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ao was 



in accordance with the procedure of Example 1, octadecyl phenyl ether was 8 < u « n *? V * 

yieid was obtained. There was added 50ml of glacial acetic acid to a m.xture of 196 grams (0.5 mol) o 
phenyliodoso tosylate and 173 grams (0.5 mols) of octadecyl phenyl ether dissolved ,n 20 0 ml 
SoJomethane After 1 hour stirring at 40* C. the reaction mixture was filtered then triturated with e*er 
A product (4-octadecyloxyphenyl) P henyliodonium tosylate crystallized from solution and was recovered by 
fiit^on There was obtained 340 grams (94.4% yield). The entire amount of the tosylate sa — ^solved 
in 1000ml of hot acetone and 125 grams of sodium hexafluoroant.monate was ad ded_The xture 
was stirred for 1 hour and the solution filtered to remove the sod.um tosylate The mam fixate was 
Suraid with water and a white crystalline product (^octadeoy.oxyphenyOphenyhodon.um ^fluoroar. 
timonate was obtained. Realization from ethanol/water gave the pure lodon.um salt ^ having a i metong 
■ point of 94' C and an 83% yield. The acute oral toxicity of this photoinitiator was found to ^ greater than 
5g/kg. No toxic effects were observed during the 14 day test period and all the test animals (rats) gamed 

45 '^T^ZclTo^^e was prepared by mixing together 99 parts of Ciba Geigy cycloaliphatic 
eooxv resin CY179, (3.4-epoxycyclohexylmethyl-3 ,4 -epoxycyclohexane carboxylate) epoxy resin and 
pS of the above iodonium salt A non-toxic tack-free film was obtained on irradiation for 10 seconds using 
a GE K3T7 medium pressure mercury arc lamp. - 

The above examples are directed to only a few of the very many vanables to which the non-toxic 
,omoositions are directed, as well as to the substrates treated with such compositions and thereafter 

• indited. Additional examp.es of UV coating compositions and methods Of use are 

description preceding these examples. In addition, the aryl onium salts of the P™^™£<£ ^ 
made from additional source materials to provide aryl onium salts hav.ng chemically comb ned C*,„ aryl 

= s radicals, such as phenyl tolyl or naphthyl substituted with at least one -OR group as previously defined. 
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I A non-toxic method for coating a substrate which comprises: - 

(1) treating the surface of the substrate with a solventiess photocurable mixture comprising by we.ght 
5 (A) A non-toxic oxirane containing silicone or organic resin 

^B} An effective amount of a non-toxic arylonium salt . _ . rtKf „ ;rtCsW rt „ 

S bating the treated substrate of (1) with actinic or visible light, unti. a tack-free surface ,s obtamed on 

whjftnt^lonium salt is selected from the class consisting of hexafluorophosphates. hexafluoroarsenates 
io Ind hVxaf.u^oantirnonates and at least one of the ary. radices of the arylonium ^ 
a nuclear bound -OR group attached to the aryl nucleus by a carbon-oxygen linkage, where R a an alkyl 

mtcordtce claim 1 , where the ary.onium hexafiuorometalioid sa,t is diaryiiodonium 

75 ^tTteTd^n^accordance with claim 2 where the ary.onium hexafiuorometalioid salt Is 

^T^meSod rSor^wrciaim 1. where the ary.onium hexafiuorometalioid salt is a triary,sul- 

to ^ m ZTZ~rZ^ Cairn 4. where the triarylsu.fonium sa.t is 4-octy.oxy triphenylsulfonium 

20 hexafluoroantimonate. 

6 A method in accordance with claim 1. where the substrate is a steel substrate. 

7 A method in accordance with claim 1. where the substrate is a aluminum substrate. 

8 A method in accordance with claim 1. where the substrate is a plastic substrate. 

9 A method in accordance with claim 1. where the ary.onium nexafluorometa icdsatt ,s a d.a- 
25 ry.iodonium hexaf.uroantimonate having at least one nuclear bound -OR ^.c* where F -soc^ 

10 Diaryiiodonium hexafiuorometalioid salts elected from the class cons.st.ng of P hos P hat ^: n a ;. S ^f a S 
and anfJmon'ates having a melting point of at least 50 ' C when recrystallized from ^^^^ 
and at least one nuclear bound -OR group attached to an aryl nucleus of the d.aryliodon.um hex 
afluorometalloid salt where R is an alkyl radical having from 1 0-20 carbon atoms. 

II A diaryiiodonium hexafluoroantimonate salt in accordance with claim 10. 
12 -ru^ cc ~po.jnd (4-decyloxyphenyi) phenyliodonium hexafluoroantimonate. 
13' The compound (4-octadecyloxyphenyl) phenyliodonium hexafluoroantimonate. 

14. A triarylsulfonium hexafluoroantimonate salt in accordance with claim 10. 

1 5. A non-toxic UV curable mixture comprising: 
(A) an oxirane containing organic or silicone resin i^w^w , Ha<;<; 
B an effective amount of a non-toxic diaryiiodonium hexafiuorometalioid salt f^*™ **™* 

consisting of phosphates, arsenates and antimonates having at least one nuclear bound OR radical attached 
to an S radical of the diaryiiodonium hexafiuorometalioid salt, where R is an alkyl rad.cal having from 10- 
20 carbon atoms. 

16 A composition in accordance «ith claim 13. whara tna diaryliodoniom haxafioorom.talloid salt is a" 
W~£^^ e ZZ%Le „„„ cs-m 14 whara M diaryliodoniom h .xa„ u o,oma,a»oid sal, 
is a diaryiiodonium hexafluoroantimonate salt. 
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